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© Method of activating cyto.yt.c activity of lymphocytes using antl-CD28 antibody. 

© The development of ^^C^^^ 

MnSt CDsTete^^ R^fttSX 
L not required. The development of S^^fcSSStod antibody to the C03 

lymphocytes with antibody reacbve wj. anb£D2 with iSerfeukin-2. The CD28 receptor may be 
receptor, or by also contacting the "y^Pj^JJ ^Ski™ the antibody reactive to it on fte 
aggregated on the surface of the lymphocytes as by masm King 7 ^ me 

surface of the lymphocytes. This ^J*^.^^ "J me*,* of adoptive therapy for treating 
anti-CD28 antibody. Another aspect of the pr esen J 8 ^phocytes in vitro with an anbtcdy 

cancer in a subject comprising the steps of (1) **^\trf^t» lymphocytes to 
reactive with CD28 receptor to po (annate the devel °° men ^ ^' h eteroconjugate independent; and (2) 
produce lymphocytes having cytolytic act.v.ty that « CD3 he eroco jug 
introducing the cytolytic lymphocytes into a subject to kill cancer caus. 



CO 
CO 

o 



0. 
LU 



Jouve. 18. rue Saint-Denis. 75001 PARIS 



EP 0 440 373 A1 

METHOD OF ACTIVATING CYTOLYTIC ACTIVITY OF LYMPHOCYTES USING ANTI-CD28 

ANTIBODY 



FIELD OF THE INVENTION 

This invention relates to methods for potentiating cytolytic acuity and ™ re SpeCinCa " y 

to the use of anti-CD28 antibody reactive with receptors on the surface of lymphocytes. 

BACKGROUND OF THE INVENTION 

»»h IL-2. Hun» el si.. Pro* N.I. Aad. " ^ ' „ It^^., 187 3069 (1966 ):Pe«» 

T-ce.1 clones and leukemic ce.is has also been observed ^«*£2&&L™ j^J. 3 8 :1331 

Ki a i,.rA^oi <»>•" • ih«. Pt al. Human Immunol. 1 1 :1 83 (1 984) . Brooks et ai., J. ■ 

JS^SS iJJ^jnsa^lS^B^Th. kiliing generated after no rested 

This killing is referred to as "CDS-independenf lytic acuvity ,. imulatina j-cells to develop CD3- 

lt would, therefore, be desirable to find a novel and efficient method of stimulating T-cells 
35 independent cytolytic activity to attack tumor cells. 

SUMMARY OF THE INVENTION 

Accordingly the present invention provWes a method for potentiating the ^^f^^Z 



so 2 (IL-2) 



2 ^maximum cytolytic response, the CD28 receptor Is aggregated on ^^^S^ *tn 
CD28 receptor canTe aggregated on the surface of the ^P^^'^^Sf J^Sy reao 
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comprises the steps of : anfihodv reac tive with CD28 receptor to potentiate the develop- 

«» c^y* Mo . s.bj.0. ,o U cane, = e »s in ,he »*)«. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is graphs showing treatment of CD16 mAb plus C to NK ce..s activated by six methods tested for 
their abiHty to lyse In the presence of anti-CD3 (G19- 4 )/L6 heteroconjugate ( O-O ,. unconjugated OIW 

sence of an an U -CD3 mAb (G19.)/L6 heteroconjugate (D^). unconjugated mAb G1*4 and L6 
{ O-O } or aIone ( M ) as described in the Example infra. 
2S DETAILED DESCRIPTION OF T HE INVENTION 
.norderthatthe.inventionhe^^^ 

present— ^ 
„ reaaivewiththeiymphoc^receptor^ 

immobilized anti-CD3 mAb must be present when the T cells art or g * efficiently stimulated 

to induce the cytolytic activity, it has been found. ^S^^^^^i^ during 

to attack and lyse tumor cells by contact with anu-CD28 mAb ^'^^^^J^ Q activity 
the kitting or -effector- phase of the lysis. The actw.ty ,s not ^^^^ ™ het J as Cytolytic 

not required during this phase. 

40 

1. General Stimulation Methods 

,n genera., the developmentof cytolytic activity ^^X^X^^'^ 
CD28 antibody, preferably in the presence of small amounts o L-i or anljbody can • 
„ lized anf-CD3 antibody. Preferably, the lymphocytes are 

a polyclonal antibody or a monoclonal antibody, but ,s ^"^^"'iJ^^d antibody 9.3. 
of such a preferred monoclonal antibody is the monoclonal antibody antibody reac tive 

ATCC No. 10271 described further infra. Prepara.on 0 
with a specific receptor such as CD28 receptor are known in the art Meth^ssucr. 
and MHstein (Nature 256 :496 (1975) may be used to produce the hybndomas. 

2. Potentiation of the Response by lnterteukin-2 

Alternately, the development of cytolytic activity ° f ^f f 
be further potentiated by treatment with a .ymphok.ne such as » m £T and Moria et al. MoT 

units/ml, most preferably at about 50 units/ml. 
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3. Contact with CD3 or CD2 Antibody 

The development of cytolytic .ethrity in lymphocytes contacted with ant>CD28 antibody can I be further 
potentiated by contacting the lymphocytes with a second antibody react.ve w,th CD2 receptor or CM receptor. 
K ferably. the second an« body reactive with CD2 receptor or CD3 receptor is a monoclonal ant.body. A pa, 
Ucular example of a preferred monoclonal antibody reactive with the CD2 receptor is the monoclonal ant.body 
designated as 9.6. described further, infra, A particular example of a preferred monodona ant.body reacUve 
, 0 with the CD3 receptor is the monoclonal antibody designated as G1<M described further Mra. 

Preferably, the antibody reactive with the CD3 receptor is attached to a solid support for present*™ to 
the lymphocytes for induction of cytolytic activity. Suitable solid supports include sepharose beads or other 
ruppoTwetknown in the art. The antibody may be attached to the solid support using standard techn.oues. 

15 4. Crosslinking 

The effectiveness of the development of the cyto.ytic activity by anti-CD28 antibody may be 'ncre^ej by 
aggregating the CD28 receptors in the cell membrane. Such aggregate can be accomphshed by crossl.nkmg 
me anti-CD28 antibody. i.e reacting the anti-CD28 antibody with a binding partner on *• * *• 

phocytes. The crossing may be accomplished by contacting the anti-CD28 ant.body wrth. > secon an body 
reactL with the anti-CD28 antibody. An example of such crosslink.ng ,s the use of a rat monoclonal^ nt.body 
Sndtg tLouse K chains such as monodonal antibody 187.1. described infra, as the " 
native*, the CD28 receptors may be aggregated by using a higher molecular we,ght conjuga te of antHCD28 
2 ibJ; for example an anti-CD28/anti-CD28 (9.3 x 9.3) homoconjugate. In add.twn. the T cells may be con- 
^eTwIth an7c D 28 antibody immobilized to a plastic surface to aggregate the CD28 receptors on the cel. 
surfaces. 

5. Therapy 

Anti-CD28 mAb is useful to activate lymphocytes invitro and therefore may be used tc .regulate cellular 
immune responses in diseases, infection, cancer. AIDS and autoimmune d.sorders. Ant,-CD28 mAt may be 
especially useful for the regulation of cellular immune responses in disease states where there .s a defect or 

''TeC™ 

« regulation of cellular immune responses in disease states. According to one embodiment of u,e »™^«b- 
C02B antibody may be used for the invitro activation of T cells. This activation can be earned out by contaebng 
T lymphocytes taken from a patient with mAb CD28 invitro whereby the T cells become activated and can hen 
be reinfused into the autologous donor to kill tumor cells as described by Rosenberg et al.. supra. Any of he 
meZTof invention ^potentiating the T-ce.« cytolytic activity using -fS^^^nSoS 

40 first step in this general method of adoptive therapy. Thus. immoN«ed ant.-CD3 mAb. or an ti-CD2 antibody 
OMU2 may be added with the anti-CD28 antibody to the lymphocytes invitro to achieve Indue .on of cyto.yt.c 
activi^ in the .ymphocytes. The CD28 receptor on the lymphocytes is preferably aggregated to enhance _ the 
Auction of cytolytic activity, for examp.e by crosslinking the anti-CD28 mAb using a second anhbod sue as 
1 87 1 . or with a second anti-CD28 mAb. Alternatively, the anti-CD28 mAb may be .mnob. zed io a plashc sur- 

« ace o aggregate the CD28 receptor for induction of the cytolytic activity. This method o peatmen ma ah* 
involve the inUo co-incubation or pre-incubation of the T cells with other ™™ ompdu atora such as IL-Z 

AdoptivTlhlrapy has the advantage of avoiding the use of a relabvely bu Iky agent such as a targeUng 
heteroconjugate incorporating an antibody reactive with an antigen assoaated w.th a , tumcj ^ S »f 
heterocon ugates are time consuming and may be drfficult to prepare. In adoptive therapy, the 

id ar e activated invitro and only the activated lymphocytes are introduced .nto the subject to kill tumor cells or 

treat immune disease. f Kw waa\\nn in* 

In general, lymphocytes may be activated in_vitro for use in adoptrve therapy of a patient by treatmg ,10 
to 10* lymphocytes wir a nti-CD28 mAb added at 100 ng/ml of culture fluid to 1 ug/ml The actuated ympho- 
cytes mTy thence administered to the patient. The most effective mode of administrator, and dosage reg.men 
55 • for\he adoptive therapy will depend on the severity and course of the disease, the patent's health 

to treatment and the judgement of the treating physician. According, the dosages of the actrvated lymphocyte 

should be titrated to the individual patient. nr Hin a rv skill 

The following examples are presented to illustrate the present invent.on and to ass.s t one of ord.nary sk.H 
in making and using the same. The examples are not intended in any way to otherw.se hm.t the scope of the 
disdosure or the protection granted by Letters Patent hereon. 
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Example 

Activation of Cyto l ytic Activity With Anti-CD28 Antibody 
Monoclonal Antibodies 



.„„ rn , mAh G19 _4 ATCC No. HP 9536. an lgG1. was obtained as described In Ledbetter et al.. J. 
. : AnTcD2 mAb 9.6. ATCC No. HB 10267. an lgG2a. was obtained as described in 

InjrnynoL 136 3945 ^ 6 ^ n ^^ m l CD2S ^ g. 3 . ATCC No. HB 10271. an lgG2a. was obtained 
Martin et al J. Immunol , . 31 • W^J^^ (1 980) . Rat mAb 187.1 . which binds to mouse K chain, 
as described in Hansen t ^^M^^:^ 981). Monoclonal antibody LB. ATCC No. HB 8677. 

J HB89 3 an E^^^lSo*. was not reacuve with the H3347 carcinoma cel. line used as the target 
Tw s use 'as aTon^ol In some experiments. Al. of these mAbs were purged from ~£ ™ '^'JJ 
I h rnifi mAb FC-1 an IqM was obtained as described in Tetteroo et al.. Leukocyte Typing III, Ch. MS.3, 
£ h 2 Fd^S and washed as ascites fluid at a dilution of 1 :100. Anti-CD2 mAb 9-1. an lgG3. was 

obtained from Sigma Chemical Co. (St. Louis. MO). 
Preparation of Heteroconjugates 

Heteroconjugates were prepared, using ma.eimidobutyryloxy-succinimide (GMBS ; Calbiochem I La JoHa^ 
Heteroconjugates were v v Chemica | Co Rockford. IL) according to a procedure similar to mAb- 

a ,2-2 mix^d tooether to form a stable thioether bond. Heteroconjugates were analyzed by s.ze 

^o^!LZl^ Therefore, the anti-CD3/L6 heteroconjugate was used unfracfonated ,n the 
present experiments. 

Preparation of Effector Cells 

. u i ki^h mnnnnudear cells (PBMCs) were separated from the blood of normal, healthy 

heat-Inactivated pooled normal human serum (PHS) (Pel-Freeze. Brown Deer WI)fo 30 mm at 4 J c k 

were washed and transferred to fresh flasks with or without addiUon of IL-2 (Genzyme. Boston. MA). Cel.s were 

r6lU CD2 { :l e ^lZ^™< either by a twc-epitope method of CD2 stimulation (Yang * 

two a Si CD2 r^ bs . 9 .6and 9-1. or by crosslink^ mAb 9.6 on the cel. ^^J^^^ 

187.1.CD28 activation was performed in a similar manner by crossl.nkmg mAb 9.3 on the cell surf ace w.tnnw> 

187.1. 

Preparation of Target Cells 

H3347 a human colon carcinoma line, and H2981. a human lung carcinoma line were bott 
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Modified Dulbecco's Medium (GIBCO. Grand Island. New York) until use. SS. a B-lymphoblasto.d cell hne (B- 
LCL) (Oncogen. Seattle. WA) generated by Epstein-Barr Virus (EBV) Iransformat.on of normal cells and K562 
an erythroleukemia line. (Oncogen. Seattle. WA) were kept in continuous culture until use. Target cells (3 x 
10«) were labeled with 250 uCi of "Cr for 60 min at 37«C and washed 3 times before use. 

g jCr Release Assay 

The "Cr release assay measures the cytolytic effect of the effector cells and is described by Jung et al 
Pr oc Natl Acad Sci USA 83 :4479 (1986). Washed effector cells in 50 ul CM ♦ 10% PHS (10>/ml) were added 
in ^ te t" he we.ls of a 96-wel round bottom P .ate along with 50 u. CM + 10% PHS wUh or w, hout 
heteroconjugates. antibodies, or various mixtures of the two. Subsequent toe pla es were placed I . he 
incubator at 37'C in a 5% C0 2 atmosphere for 4-6 hours. After centrifugat.on of the plates (400 X g. 10 mm), 
o'^of supe n atant were re ™ved from each we... The -Cr re.eased from lysed ceHs -•^-^ 
a gamma-ray counter (ICN-Micromedic. Worsham. PA). Percent cel.-med.ated lyss (CML) was calculated by. 

( X - SPONTANEOUS RELEASE) y 1QQ 

(MAXIMAL RELEASE - SPONTANEOUS RELEASE) 

where X is the total release of *'Cr in the presence of the effector cells. Spontaneous release was determined 
r y tuntings U em atantsfrom.abe.ed target cells incubated only "»^ r ^^™^^ 
by Exposing labeled target cells to detergent (4% Cetrimide. Sigma Chemical Co St. Louis. MO 
mVsuoematants Means of the triplicate determinations are presented herein. Standard errors of the mean d.d 
not ZZ 110% I "any assay. Maxima, re.ease averaged 12 times high*- in cpm than spontaneous release 
throughout these experiments. 

Depletion of NK Activity by Treatment with Anti-CD16 A ntibody Plus Activated Complement 

In order to confine the cytolytic activity studied to that of T-cells. C016-positive cells'were removed from 
PBMCsa wa"^ 

with immobilized anti-CD3 and IL-2. For this purpose the monoclonal antibody FC-1 (Oncogen. Seattle. WA). 
an IgM anti-CD16 mAb that fixes complement efficiently, was used. 

The H3347 colon carcinoma cell line, which expresses a surface ant,gen Refined by mAb L6. was labelled 
with "Cr and used as targets at an E :T of 50 :1 in a five house assay. PBMCs were used as effector cells 
e^mer untreated or predated with anti-CD16 mAb (FC-1) plus complement (C). Subsequently the cells we e 
S S with an anti-CD3 mAb. G19^. bound to plastic, followed by one ay of res t ,n , .fresh n«* 
to which 50 U/ml of IL-2. but no anti-CD3 mAb. had been added. mAb heteroconjugates were used at 3 ngftnl 
^n^n!^ and mAb mixtures were used at 1.5 ^ for each mAb. Table 1 shows the results ,n per- 
cant CML The data is representative of six expenments. 
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TABLE 1 

0 

Lysis of H3347 Carcinoma Cells by an Anti-CD3 L6 Heterocon jugate 

mAb Heteroconjugate or Mixture 



Effector 
Cell Pre- 
Treatment 


Effectors 
Alone 


Anti- 
CD3/L6 


Anti- 

CD3/ 

L20 


Anti- 
CD28/ 
L6 


Anti- 

CD3+L6 


L6 

Alone 


None 


21 


42 


24 


18 


24 


30 


Anti-CD16 
+ C - 


1 


14 


2 


1 


2 


1 



Resting PBMCs that had been treated with FC-1 plus C were not at a., ^ic (0% 
whereas effector cells not treated with anti-CD16 and complement reined 

ever when a conjugate between mAb L6 and the antf-CD3 mAb G19-4 was added to the H3347 ^«ran«na 
not induce cytotoxicity. 

Activation of CD 3 Heteroconjugate-inde p endent CvtolYtic Activity by Stimulation with Anti-CD28 Antibody, 
Anti-CD2 Antibody and Anti-CD3 Antibody 

CD16-negative PBMCs were activated over a 3 day period according to six methods before being tasted 
for the^ at'ty to .yse «Cr labe.ed H3347 cel.s (effector to targe, cel. ratio of 50 :1) in a 5 hour assay. Actuated 
ce..s were tested alone with CM ♦ 1 0% human serum as a control ). with unconjugated mAbs ant,-CD3 

(G1ft4) plus mAb L6 (OO or'with G19-4/L6 heteroconjugate ( TO ). The results are shown .ta i Figure 1^ 
^u^ithoul act Jtion (Figure 1A) the .ells progressively lost th^bK* g^"^ 
sence of the G1SW/L6 heteroconjugate so that by day 3. less than 10% CML was ^bse^ed. ™ 
used for this experiment, activate by ant^CD2 antibody (9.6 ♦ 9-1. ^^i^fSoS^BMC. 
by 187 1 Figure 1D) pathways also failed to activate a heteroconjugate-dependent lysis, althougn me 
enlarged and enteredthe ceJ cyde. Alternately, activation with ^^JS 
increased the cells' CD3-dependent lytic potential over the 3 day period (Figure IB). "•"•™£^r* te 
by day 3 in the presence of heteroconjugate. whi.e there was no Idling « absence of ^^EX 
a aa'^ *i TnH rrv?ft mAb 9 3 to either the anti-CD3 activation (Figure 1E) or the anti-CD2 acuvauon yiy 
ure ^oJy^SCSX.: Mediated Ri.ling by day 3 ( anti-CD3 activated j£ 
32^.045% ; anti-CD2 aerated ce.ls increased from 10% to 46%). but a.so exh^ted « J™^*£> ^ 
heteroconjugate-independent cytolytic activity. These data suggested separate pa*ways tor -mm 

Z ugate^ependent and CD3 heteroconjugate-independent .ysis. In 
anti-CD3 .U anti-CD28 mAb .IgnHcandy increased ^ neteroc^^^ 
.005). Similarly, in 13 costimulation experiments with ant,-CD2 mAb. anti-CD28 mAb s.gnti.canoy 
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CD3 heteroconjugate-independent cytolytic activity (p< .0005). 
Activation of CD3-lndeoendent Cyto lytic Activity By Stimulation With IL-2 

W °< CD3 hofc.oco.juoa.e-.adepend art qtolytK "'^^'"il. Lysls w ,s no. blocked I. this «■ 
,.„c. .nd ab S ene.o, ^^'^TfcoS ,n.Lod» I S-i cLanttations of anb-C 03 tnAb 
p.riment by th. .dd,l,oa o. ^,^^' 3^ T< « 5ft,. E »o„ at tow ...Is of IL-2 (10 UW). 

Comparison of IL-2 and Antl-CD28 Anlibod y nation d CDMnd.pend.nl Cytolytic ActWity . 
C03bo,.^ S a^^ 

S " d '%££X5£n br 4 days a„n. on* th, p~«. o. , *» an«D2« ^ (mAb 

CDIB-nega M r-B im -„ 0 . CD2 (m Ab 9.6 crasslinkad by 187.1 or a combinallon of Iho two. 

a mixture of antHCD28 mAb and PMA. il-z u/mij a 

in Table 2. The standard errors of the mean did not exceed 10% in any sample. 
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TABLE 2 

CD28 Stimulation Synergizes with CD2 or PMA 
Stimulation in Inducing CD3-Independent Cytolytic 

Activity 



Induction of Effe ctor Cells 

IL-2 

mAb and /or PMA f50 U/ml) 

None " 

+ 

Anti-CD28 

(9,3 + 187.1) + 
Anti-CD2 

(9.6 + 187.1) + 

Anti-CD2+Anti-CD28 - 
(9.3 + 9.6 + 187.1) + 

■* 

PMA 

+ 



l£ML 

Effectors CD3/L6 CD3+L6 



alone HC fUxtvre 

2 21 4 

7 26 12 

9 25 14 

21 25 27 

0 16 2 

7 17 6 

35 46 39 

36 43 40 

0 9 4 

9 22 21 



Anti-CD28(9.3)+PMA - 25 41 



As shown in Table 2. cells cultured with anti-CD28 antibody slightly increased the < DD3 .t»tore«W ufl«£ 
independemcytolytic activity (9% versus 2%) slighUy above background levels, as did act.vat.on w.th low levefc 
onlTaT^vs2vl However, co-stimulation with CD28 and .L-2 increased the CD3 h^.'W^. 
oe^cZ^ ^ro 21% in each of these cases, specific heteroconjugate-mediated lys.s was esse* 
Lr-c'anged Croslking of an anti-CD2 mAb. alone or in combination wrth .L-2. .nduced on.y m.mma. 

*££2L of CD2 and C028 generated both CD3 ^-"^ 

heteroconjugate independent (35% CML) activity, which was not further ' nCTease ^^^^ 

the 4 day activation. Addition of PMA to the anti-CD28 MAb increased the generation of both the CD 3 hetereowh 

JatSn^ndent and dependent cyto.yticactivity.whB 

was ineffective. Addition of IL-2 to PMA during the activation period sl.ghtiy .ncreased ^ «*22K^J£ 
Table 2 thus shows that anti-CD28 antibody can stimulate a significant amount of ,n Jj 
pendent of the presence of a CD3 heteroconjugate. that is not inhibited by un " n i u 9 ate ^° 3 0 ^ s ^ 
stimulation is further increased by the addition of PMA. .L-2. or an«-CD2 T^^^^^J ^? 
' anti-CD28 mAb together with IL-2 or in combination with hnmot*»d ant.-CD3 ^.^^ 
ment a CD3 heter'conjugate-independent cytolytic response as shown in th,s example. 
Z.2 alone generated high levels of cytolytic activity which was C03 heteroconjugate-.ndependent and was not 
inhibited by anti-CD3 mAb. 
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CD28 mAb may noTe^ZTeZ .IT/? 9 ^ ,he »« n «^ - 
duction differences andTfS! * Praduct,on a, °ne- This is aiso < 

co-stimulatory agent such as aL-CD2 Jlh " ° y,0,y,ic activ 

of the cytolytic activity of IvmohLTtT , ependent 00 stimulation of t 
gates conning J^S^2T a f " ^ ami " CD28 < 
receptor. mAb a " d 3 ,umor tar 9e«"g antibody and do 

characteristics of the inver 7cn Z Z T * ab ° Ve «*™ 

to be considered in al. res pec s as fflus^ T^""* inver. 



Clalma 



:es. 
tic acti 



- 1 J=^MrJc=^rss^-*- 

produce cvlolytic l,mp|, ocytes ' CD28 fecepio, or, 

i The ^ 0( dalm , whe(e . n ^ ^ t 

* *• T "«™^°'*™4.,. rel „ sa , amow , ona , 8| , aMy|srnonMoiia 

, * ^™*«°'^"«.rco m p„^ lh . stepofc(mtac , in9sai)|ym[ 
receptor. 8 '"'""^"'^""ndanflooov reactive with sale 
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15. The method of claim 14 wherein said rat monoclonal antibody is monoclonal antibody 187.1. 

1 6. The method of claim 1 3 wherein said antibody reactive with the C028 receptor is monoclonal antibody 9.3. 

17. The method of claim 12 wherein said crosslinking is earned out by contacting said lymphocytes with a high- 
molecular weight conjugate." 

18. The method of claim 17 wherein said high molecular weight conjugate contains anti-CD28 monoclonal anti- 
body linked to anti-CD28 monoclonal antibody. 

19. The method of claim 18 wherein said anti-CD28 monoclonal antibody is 9.3. 

20. The method of claim 1 wherein said CD28 rece ptor is aggregated in vitro on the surface of said lymphocytes 
by contacting said lymphocytes with immobilized ant*-CD28 monoclonal antibody. 

21. The method of claim 13 further comprising the step of contacting said lymphocytes with interieukin-2. 

22 A method for treating cancer in a subject comprising the steps of : 

(a) contacting lymphocytes in vitro with an antibody reactive with CD28 receptor to potentiate the 
development of cytolytic activity of said lymphocytes to produce lymphocytes having cytolytic activity 
that is CD3 heteroconjugate-independent ; and 

(b) introducing said cytolytic lymphocytes into a subject to kill cancer cells in said subject. 

23. The method of claim 22 wherein said antibody reactive with CD28 receptor is a monoclonal antibody. 

24. The method of claim 23 wherein said monoclonal antibody is monoclonal antibody 9.3. 

25. The method of claim 22 wherein step (a) further comprises contacting said lymphocytes, in vitro with anti- 
body reactive with CD2 receptor. 

26. The method of claim 22 wherein step (a) further comprises contacting said lymphocytes in^itro with anti- 
body reactive with CD3 receptor. 

27. The method of claim 26 wherein said antibody reactive with CD 3 receptor is immobilized to a solid support. 

28. The method of claim 22 wherein step (a) further comprises contacting said lymphocytes in vitro with inter- 
leukin-2. 

29. The method of claim 22 wherein said CD28 receptor is aggregated in vitro on the surface of said lympho- 
cytes. 

30. The method of daim 29 wherein said aggregation of the CD28 receptor is carried out by contacting said 
lymphocytes with immobilized anti-CD28 monoclonal antibody. 

31 The method of claim 29 wherein the aggregation of said CD28 receptor on the surface of said lymphocytes 
* occurs by crosslinking said antibody reactive with CD28 receptor on the surface of said lymphocytes. 

32. The method of daim 31 wherein the cross-linking of said antibody reactive with CD28 receptor occurs by 
crosslinking said antibody with a second antibody reactive with said antibody reactive with CD28 receptor. 

33. The method of claim 32 wherein said second antibody is a rat monodonal antibody binding to mouse K 
chains. 

34. The method of daim 33 wherein said rat monodonal antibody is monodonal antibody 187.1. 

35. The method of claim 31 wherein said antibody reactive with the CD3 receptor is monodonal antibody 9.3. 

36. The method of daim 31 wherein said crosslinking is carried out by contacting said lymphocytes with a high 
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molecular weight conjugate. 

5 37. The method of claim 36 wherein said high molecular weight conjugate contains anti CD?fl ™„ ■ 

antibody linked to anti-CD28 monoclonal antibody. anti-CD28 monoclc-.al 

38. The method of daim 37 wherein said anti-CD28 monoclonal antibody is 9.3. 

10 39. A composition comprising cytolytic lymphocytes produced by contacting lymphocytes with an ,„k^ 
reactrve with CD28 receptor on the surface of said lymphocytes. ymP n °cy«5s with an antibody 

40. The composition of claim 39 wherein said lymphocytes are T lymphocytes. 

20 

. C ympSr h ° CyteS ° b,ainab,e ^ 3 Pf0CeSS defined da,m 41 ° r 42 Wherein said "nnphocyte. are T 

44. Cytolytic lymphocytes obtainable by a process defined in any one of claims 41 to 43 wherein th« roil nr 
» phase of said cytolyt. activity does not depend on station of the ' 

30 46 - r:ssr nab,e by a * **» « ^ sa « antibody .. 

47. Cytolytic lymphocytes obtainable by a process defined in any one of claims 41 to 46 the orocess further 
compnsing the step of contacting said lymphocytes with antiLy reactive with CD2^pto7 

48. Cytolytic lymphocytes obtainable by a process defined in any one of claims 41 to 47 th« nmr„« , hk 
compnsing the step of crosshnking said antibody reactive wii CD2 "recepTor ' 

49. Cytolytic lymphocytes obtainable by a process defined in any one of claims 41 to 48 th* n m ,-«« , ^ 
<o compnsing the step of contacting said .y.phocytes ^^^J^S^T 

^XLTm'S 

45 2^ '"TT* ; obtainabl ° «>y a process defined in any one of claims 41 to 50. the process further 

compnsing the step of contacting said lymphocytes with interleukin-2. . 

52. Cytolytic lymphocytes obtainable by a process defined in any one of claims 41 to 51 wherein said Iwnnh^ 
cytes are contacted invitro with said antibody reactive with CD28 recep™ ™^ 

50 

53. Cytolytic lymphocytes obtainable by a process defined in any one of claims 41 to 52 wherein said CD28 
receptor is aggregated invitro on the surface of said lymphocytes. 

„ ?£T~- ymPh0 T eS ° btainab,e «* 3 P f0Cess in claim 53 wherein said aggregation of the CD28 

receptor . earned out by contacting said fymphocytes with immobHized ant.CD28moldona, anUl^y 

22£ S" 0 ^ 65 ° b / ain ! b,e by 3 Pr0CCSS defined in daim 53 wherei " *• aggregation of said CD28 
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56 Cytolytic lymphocytes obtainable by a process defined in any one of daims 41 to 55 wherein said antibody 
reactfve with CD28 receptor on the surface of said lymphocytes is cross.inked to aggregate sa.d CD28 



receptor. 



57. Cytolytic lymphocytes obtainable by a process defined in claim 55 or 56 wherein the crosslinking of said 
antibSy reactive with CD28 receptor is carried out by crosslinking said antibody w,th a second ant.body 
reactive with said antibody reactive with CD28 receptor. 

10 58. Cytolytic lymphocytes obtainable by a process defined in daim 57 wherein said second antibody is a rat 
monodonal antibody binding to mouse K chains. 

59. Cytolytic lymphocytes obtainable by a process defined in daim-58 wherein said rat monodonal antibody 
t5 is monoclonal antibody 187.1. 

60 Cytolyticlvmphocvtesobt^^ 

out by contacting said lymphocytes with a high molecular weight conjugate. 

20 61. Cytolytic.ymphc^vtesob^^ 

jugate contains anti-CD28 monodonal antibody linked to anti-CD28 monodonal antibody. 

62. Cytolyticlymphocytes obtainable by a process defined in daim61 wherein said anti-CD28 monodonal anU- 

body is 9.3. 

25 63. A method, for producing cytolytic lymphocytes according to any one of daims 41 to 62. which»rjpto 
contacting lymphocytes with an antibody reactive with CD28 receptor on the surface of sa.d lymphocytes. 

64. Cytolytic lymphocytes according to any one of daims 41 to 62 for use as a medicament 

X 65. Use of cytolytic lymphocytes according to any one of daims A\to 62 for the manufacture of a medicament 

for the treatment of cancer. 

66 A pharmaceutical composition comprising cytolytic lymphocytes according to any one of daims 41 to 62 
35 in combination with a pharmaceutical^ acceptable carrier, diluent or exapient 

67 A method for making a pharmaceutical composition comprising combining cytolytic lymphocytes according 
' to any one of daims 41 to 62 with a pharmaceutical^ acceptable carrier, diluent or excp.ent 

68 .Akitforsequentialuseinpoten^ 

tic lymphocytes, the kit comprising : 

a) an antibody reactive with CD28 receptor on the surface of said lymphocytes ; 

b) means for treating the lymphocytes with the antibody. 

^ 69 A kit for sequential use in the treatment of cancer in a subject, the kit comprising : 

a) an antibody reactive with C028 receptor on the surface of lymphocytes ; 

b) means for treating the lymphocytes with the antibody ; 

c) means for introducing the cytolytic lymphocytes into the subject 



50 
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Figure 1 
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